The kinetics of nucleophilic displacement of chlorine from a series of 2-chloro-5-heteroaryl(or aryl)pyrimidines by piperidine have been studied in order to assess the electronic effects of the 5-substituent. The observed order of reactivity is 5-(l-methylpyrrol-2-yl) < 5-7>-anisyl < 5-f>-tolyl < 5-phenyl < 5-(2-thienyl) < 5-(2-furyl) < 5-(m-chlorophenyl). The reactions are enthalpy-controlled and the rate data can be explained as a consequence of the electron-withdrawing or electron-donating ability of the 5-substituent. Synthetic routes to the compounds studied are also described.
Introduction
Few quantitative studies of the electronic effects of the substituents at position 5 of the pyrimidine ring appear to have been made. As far as we are aware, the only significant studies are those of Brown et al. [1] on the dependence of the rate of thermal isomerisation of 2-methoxypyrimidines on the nature of the 5-substituent, and Shein et al. [2] on the effects of 5-chloro-, phenyl-, methyl-and methoxy-substituents on the rate of nucleophilic displacement of chlorine from the 2-position of pyrimidines by piperidine in benzene solution. We have recently been interested in the electronic effects of heteroaryl and substituted phenyl groups at the 5-position of the pyrimidine ring. In this paper, we report the effects of such 5-substituents on the rate of nucleophilic displacement of chlorine from the 2-position of pyrimidines by piperidine in aqueous dioxan.
Results
The rate of the reaction between piperidine and 2-chloro-5-aryl or heteroaryl-substituted pyrimidines (1, Scheme) in 50% v/v aqueous dioxan was investigated at 30° and 40° by conductimetric methods. Linear second order kinetic plots were obtained throughout the reaction range examined (up to approximately 70% completion). No evidence could be found for autocatalysis during the reaction, probably due to the very weak basicity of the Ar O 1 2 Scheme substrates and products (2) compared with that of the nucleophile. The kinetic data are summarised in the Table. Table. Second order rate data and activation parameters for the reaction of piperidine with 2-chloro-5-substituted pyrimidines in aqueous dioxan (50% v/v). 
Discussion
The results show that the reactions are enthalpy controlled, and that the rate data can be explained as a consequence of the electron-withdrawing or -donating ability of the 5-substituent. Thus the reaction is facilitated by an electron-withdrawing group (e.g. w-chlorophenyl) and retarded by an electron-donating group (e.g. p-anisyl). The range of rate constants is, however, quite narrow. The narrow range of rates covering the above substituents possibly results from a lack of coplanarity between the substituent and the pyrimidine ring, thereby decreasing the ability of the substituent to affect the rate of the reaction. In a comparable study of the rates of hydrolysis of 4'-substituted-biphenyl-4-carboxylic esters, it has been calculated that lack of coplanarity between the two ring systems results in a 60% decrease in substituent effects [3] . Similar effects were also found by Brown et al. [1] in their studies of the thermal isomerisation of 5-substituted 2-methoxypyrimidines, and by Dell' Erba et al. in their studies of piperidino-debromination of 3'-and 4'-substituted 3-nitro-4-bromobiphenyls [4] .
That electron-withdrawing substituents cause overall rate increases is consistent with the reactions being dominated by the bond formation stage of a bimolecular SNAT2 process, analogous to nucleophilic displacement of halogen in 2,4-dinitrohalobenzenes [5] . For the phenyl and heteroaryl substituents, the electron-withdrawing ability of these groups would seem to increase in the order 1-methylpyrrol-2-yl< phenyl < 2-thienyl< 2-furyl. This order is consistent with pKa data for benzoic acid, pyrrole-2-carboxylic acid, thiophen-2-carboxylic acid and 2-furoic acid [6, 7] .
Relatively little is known of the overall effects of the above 2-heteroaryl groups as substituents on other aromatic systems. Marino et al. [8] have evaluated various Hammett constants for the substituent effects of 2-furyl and 2-thienyl groups on the ionisation constants of the benzoic acids (3), and the phenols (4), and also upon the rates of solvolysis of the 1-arylethylacetates (5) and the 2-chloro-2-arylpropanes (6) . In this work, it was shown that both 2-furyl and 2-thienyl groups show a moderately strong electronwithdrawing effect, and are also able to either release or to withdraw electrons by a resonance effect, according to the type of reaction. However, in the reaction of particular relevance to our studies, (i.e. the ionisation of substituted phenols), both 2-furyl and 2-thienyl groups act as electron-withdrawing substituents. From the Table, it is seen that the rates of reaction of the 5-(2-furyl)-and 5-(m-chlorophenyl)pyrimidines are similar, both proceeding approximately 2.5 times faster than the 5-phenyl derivative. This is consistent with the data of Dell'Erba et al. [4] who showed that 3'-chloro-3-nitro-4-bromobiphenyl undergoes piperidinodebromination approximately 2.2 times faster than the parent compound.
No information appears to be available on the substituent effects of l-methylpyrrol-2-yl groups in similar situations. From the Table, the rates of reaction of 2-chloro-5(l-methylpyrrol-2-yl)pyrimidine and 5-(p-anisyl)pyrimidine with piperidine are seen to be fairly similar. It is well documented that the methoxy group is an overall electron-donor in similar situations. Thus e.g. the pKa of 4'-methoxvbiphenyl-4-carboxylic acid is 5.75 [9] compared to a value of 5.66 for biphenyl-4-carboxylic acid. Similarly, the o~ value for the p-methoxy substituent is -0.2 [10] . Electron donation results in a decrease in the reaction rate relative to that for 2-chloro-5-phenylpyrimidine, and from the results presented in the Table, it is fairly obvious that the 1-methylpyrrol-2-yl group is acting in a similar electrondonating capacity to the p-anisyl group. Although not strictly analogous, the similarity between the substituent effects of the l-methylpyrrol-2-yl-and p-anisyl groups is further illustrated by a comparison of pKa values of l-methylpyrrol-2-carboxylic acid [6] (4.45) and p-methoxybenzoic acid [7] (4.47). Both of these compounds are weaker acids than benzoic acid, (pKa 4.20) [7] , again showing the electron-donating character of these substituents.
Preparative routes
2-Chloro-5-phenylpyrimidine and the 2-chloro-5-(2-heteroaryl)pyrimidines were prepared by the photolysis of 2-chloro-5-iodopyrimidine in solutions of the appropriate heteroarene or benzene, as previously described [11] . In the preparation of the 2-chloro-5-(substituted-aryl)pyrimidines (7), the reactions of substituted arylmalondialdehydes (8) (prepared by the alkaline hydrolysis of the Perchlorates (9)) [12, 16] with urea in ethanol saturated with hydrogen chloride were employed. The resulting 2-pyrimidones (10) were then treated with phosphorus oxychloride in the presence of N,Ndimethylaniline as a catalyst.
Experimental X H NMR spectra were recorded at 60 MHz using a JEOL spectrometer, with tetramethylsilane as internal standard. Mass spectra was recorded at 70 eV using an AEI MS 30 instrument.
2-(Substituted aryl)trimethinium 'Perchlorates (9)
These were prepared from the appropriate arylacetic acid (0.1 mole), as described in the literature [16] . The following were isolated, following recrystallisation from ethanol: 
(Substituted-aryl)malondialdehydes (8)
A mixture of the above Perchlorates (9) (0.01 mol), potassium hydroxide (0.03 mol) in aqueous methanol (50% v/v, 40 cm 3 ) was heated under reflux for 30 min and then the excess methanol was removed by distillation. The solution was cooled in an ice bath and the precipitated potassium perchlorate was removed by filtration. The filtrate was acidified with dilute hydrochloric acid and the precipitated product was isolated and dried. The product (where possible) was purified by vacuum sublimation (0.1 mm of Hg, 50 °C). The following were isolated after recrystallisation from ethanol: (5H, m) ; m/e 182 (M+).
5-Substituted pyrimidin-2-ones (10)
A mixture of a substituted malonaldehyde (8 
2-Chloro-5-substituted pyrimidines (7)
The substituted pyrimidin-2-one (10) (0.01 mol) was heated under reflux in a mixture of phosphoryl chloride (5 cm 3 ) and N,N-dimethylaniline (0.5 cm 3 ) for 1 h. The excess phosphoryl chloride was removed under reduced pressure and the residue was decomposed with ice. The product was extracted with diethyl ether (3 X 20 cm 3 ), the extract was washed with a sodium carbonate solution and then with water. The extract was dried with magnesium sulphate, the ether was removed from the filtered solution and the product was isolated by vacuum sublimation (60 °C, 0.1 mmHg). The following compounds were isolated:
2-chloro-5-(p-tolyl)pyrimidine, m.p. 163 °C (lit. 
Kinetic studies
Solutions of the appropriate 2-chloro-5-(substituted)pyrimidine (0.01 mol • dm -3 , 10 cm 3 ) and piperidine (0.02 mol • dm -3 , 10 cm 3 ), in aqueous dioxan (50% v/v), were equilibrated at 30 and 40 °C. The respective solutions were mixed, and conductance readings taken over a period of several hours using a Wayne-Kerr bridge.
Since piperidine is a much stronger base than both the reactant chloropyrimidine and the piperidinylpyrimidine product, it can be assumed that the observed increase in conductance during the reaction is due only to the formation of the piperidine hydrochloride coproduct. The concentration of the latter (and hence the progress of the reaction) at a given time can be obtained using a calibration curve obtained from measurements of the conductance of solutions of known concentration of piperidine hydrochloride.
The rate constants were evaluated using a standard second order rate law approach, and are presented in the Table. For the kinetic studies, the dioxan was purified by the method recommended by Vogel [18] , whilst the water was de-ionized and then distilled from potassium permanganate. Piperidine was dried over potassium hydroxide and then distilled through a spinning band column, the middle fraction boiling at 106 °C being collected (Lit. [19] b.p. 106 °C).
The following compounds were isolated from the above reaction mixtures. 
5-( l-methylpyrrol-2-yl)-2-

